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*Antisense* inhibition of *PI3K* *p85* expression. 
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JOURNAL: Official Gazette of the United States Patent and Trademark Office 

Patents 1237 (2):pNc Pagination Aug. 8, 2 0 0 0 

MEDIUM: e-f lie 

ISSN. 0098-112 3 

DOCUMENT TV P S : Patent 

RECORD TYPE: Ahstrart 

LANGUAGE: Engl ish 

*Antisense* inhibition of *PI3K* *p85* expression. 

ABSTRA 3T : Ant i sense comp ;>unds , compos it ions and methods are provided for 
m : ±dl at mg the express ion ■:■ f * P 1 2 K* *p8 5 * . The compos it ions comprise 
* ant i.sense* compounds , part lcularly *antisense* ol igonuci ect ides , 
targeted to nucleic acids encoding *£I3PC* *p8E*. Methods of using these 
compounds for modulation of *PI3K* *p3 5* expression and for treatment of 
diseases associated with expression cf *PI3K* *p£5* are provided. 
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Antisense modulation of phosphatidylinositol 3 kinase (PI3K) p85 
expression for disease treatment 

INVENTOR (AUTHOR) Monia, Brett ?.; Ccwsert, Lex M. ; Murray, Susan F . ; 
But 1 er , Made I me M ; Dean , N i ch : las M . 
LOCATION: USA 

ASSIGNEE. Isis Pharmaceuticals, Inc. 
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*Antisense* compounds targeted against polynucleotides encoding *PI3K* 

*p85* useful for treating e.g. cancer, Type 2 diabetes, obesity - for 
use in cancer, diabetes, obesity and inflammation diagnosis, prevention 
and therapy 




LAN 3UA 3 K : English 

*Antisense* compounds targeted against polynucleotides encoding *PI3K* 

*p85* useful for treating e.g. cancer , Type 2 diabetes , obesity - for 
use in cancer, diabetes , obesity and inflammation diagnosis , prevention 
and therapy 

ABSTRACT: 2ERWEMT ABSTRACT: NOVELTY - An compound (I) 3-3: nuclecbases in 
length targeted t: a nucleic acid molecule encoding *?I3K* *pS5* (11), 
where 'I) specifically hybridizes with and inhibits the expression of 
PI3K p_5a, and opt ion al ly alters the ratio of PI3K p85a to PI3K pEa 
expressed by a cell or tissue, is new. WIDER DISCLOSUF.E - Chimeric 
compounds comprising (I) are also disclosed. BIOTECHNOLOGY - Preferred 
Compound: il) Is an *anti sense* oligonucleotide, and is preferably 
targeted to a region of f nucleotide sequence encrdmg PI??; p?5a, which 
is not found in a polynucleotide enoodmg P 1 3 K pEC-a, and further 
inhibits the expression of all splioe variants encoded by FI3K p85a, 
where the * ant is ens e* compound alters the ratio of PI 3?; p8Ea to PI?K 
p5 0a expressed by a cell or tissue. ACTIVITY - Cytostatic, 
Antidiabetic; Anorectic,- Antitumor; Antiinflammatory. MECHANISM OF 
ACT I ON. . . 

. . . of TI) expression (ol aimed) . (I! (comprising 3. defined sequences as 
given in the specification) was tested for its (II) expression 
inhibitor activity. The results showed *anti sense* oligonucleotides 
atotcctgggatgtgcg, ccgctcttgggtctggca , tc a actt ct t t tgccgaa , ttgcccaaccac 
tcgttc, ccttgtttcggttgctgc, etc tact tcgccgtccac , ccaggctaaaccaggctg and 
tgt otgggtaccgtg exhibited at least 3C% inhibition of (II) expression. 
USE - (I) is useful for decreasing blood. . . 

...to PI 3?; 50a '50a in human cell or tissues; or for treating a human having 
a disease or (rendition associated with PI3K signal transduction or 
*TI3K* *pS5* expression (claimed). *Anti sense* compounds are commonly 
used as res ear oh reagents and diagnostics. * Ant 1 sense* compounds either 
alone or in combination with other * ant l sense* oompounds or 
therapeutics can be used as tools m differential and/ or combinatorial 
analyses to elucidate expression patterns of a portion or the entire 
complement of genes expressed within cells and tissues. L'se of the 
*anti sense* compounds and the above may also be useful 
prophylact ica 1 ly , e.g., to prevent or delay infection, inflammation or 
tumor formation. ADMINISTRATION - (I) Is administered by... 

... by inhalation or insufflation of powders or aerosols, including by 
nebulizer, int ra t ra ohea 1 , intranasal, epidermal and transdermal, oral 
or parenteral. No specific dosage is given. EXAMPLE - *Antisense* 
oompound that inhibits *PI3K* *p65* was synthesized by standard solid 
phase synthesis. (121 pages) 
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1417E749 BI03IS NO : J: 0 C 3 3 I 1 5 377 E 

Altered signaling and cell cycle regulation in embryonal stem cells with a 
disruption of the gene for phosphoinositide 3 -kinase regulatory subunit 
p85alpha . 

AUTHOR: Hallniann Daniel; Truemper Katja; Truesheim Heidi; Ueki Kchjiro; 
Kahn C Ronald; Cant ley Lewis C; Fruman David A; Hoersch Dieter (a) 

AUTHOF- ADDRESS : (a)Dept of Internal Medicine, Division of Gastrc enterology 
and Metabolism, Phi 1 lpps -Un i vers i ty , Baldmgerst rasse , D-3E 033, Marburg, 
Germany* * Germany E-Mail : hoer3chdipo3t.med.uni-marburg.de 

JOURNAL: Journal of Biological Chemistry Z73 ( 7 ) : pE 0 9 9 - 5 1 0 8 February 14 

21 0 3 2 0 0 3 

MEDIUM : print 

ISSN: 0C21-9253 

DO OUMENT TYPE: Article 

RFCORD TYPE: Abstract 

LANGUAGE Eng 1 1 sh 

...ABSTFACT: derived from the Pik3rl gene, which also yields alternatively 
spliced variants pEOalpha and pSSalpha. It has been proposed that excess 
monomer ic p3 5 competes with functional *PI3K* *p3E*-pllO heterc dimers . We 
examined embryonic stem (ES) cells with heterozygous and homozygous 
disrupt ions in the Pik3r gene and found that wild type ES cells express 
virtually no monomer ic p8 5alpha. Although, IGF- 1 - st lmulated PI3K activity 
associated with *insulin* receptzr substrates was unaltered in all cell 
lines, p? 5a lpha -nul 1 ES cells showed diminished protein kinase B 
activation despite increased PI3K activity associated with the... 

...REGISTRY NUMBERS: * INSULIN* ~ LI KE GROWTH FACTOR-1 

DESCRI PTO'RS 

CHEMICALS U 31 0ZHSMI GALS : . . . * insul in* receptor substrates... 
. . * : nsul in* - 1. ike growth factor- 1 
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PI 3 -kinase and its up- and down-stream modulators as potential targets for 
the treatment of type II *diabetes*. 

AVTH-! F. : Jiang Gucqiang (a! ; Zhang Bei 3 

A" "7K : ' i ~y E ^ ~^ ■ a M*^ *~ a b ~ 0 i c ~ i ^ o r de r s - D i a b e *~ e s , Merck Research 

Laboratories, FYSON-OO'l, P.O. Box 2 0 0 0, Rahway, NJ, 0"065**USA E-Mail: 
auo niana~ iano :merck . com 



YFn: Literature ~eview 
E: Abstract 
Engl i sh 

PI 3 -kinase and its up- and down-stream modulators as potential targets for 
the treatment of type II *diabetes*. 

A3STFACT: Type 2 * diabetes* is caused by a ccrtbmacicn or impaired 
♦insulin* secretion and, :o a greater extent, resistance cf target 
tissues tc * insulin* actitn. Fhosphomcsitide 3 -kinase iPI3K} plays a key 
r jle in * insulin* signaling and has beer. shewn to be blunted m tissues 
dI type 2 *diabetes* subjects. There is emerging biochemical and, 
particularly, genetic evidence suggesting that * insulin* resistance can 
potentially be treated via modulation of PI3K by targeting FT3K itself cr 
its up and down- stream modulators. These potential targets include Src . . . 

...2 domain containing inositol 5 -phosphatase 2 (SHIF'2), phosphatase and 
tensin homolcg deleted on chromosome ten { ?TEN ) , IkappaB Kinase beta 
( I r'r'Joeta ) , r'r'.C isoforms, and the *PI3K* *p85* subunit. There is evidence 
suggesting that their inhibition affects ?I3K activity and improves 
* insulin* sensitivity in vivo. In the current review, we will discuss the 
role of these molecules in * insulin* -mediated activation of PI3K, the 
rational for targeting these molecules for *diabetes* treatment, and some 
critical issues in terms of drug development. 

DESCRIPTORS: 

DISEASES: type II *diabetes* { ncn- * 1 nsul in* -dependent *diabetes* mellitus 
ALTERNATE INDEXING: *Diabetes* Mellitus, Non- * Insul in* -Dependent (MeSH) 
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ETV6-NTRK3 transformation requires * insulin* -like growth factor 1 receptor 
signaling and is associated with constitutive IRS-1 tyrosine 
phosphorylation . 

AUTHOR: Morriscn Kevin B; Tcgncn Crist ma E; Garnet t Mat hew J; Deal Chen; 

Sorensen ?oul H 3(a) 
AUTHOR ADDRESS: {a)BC Research Institute for Children's and Women's Health, 

West 23th Ave., Room 3082-950, Vancouver, BC, V5Z 4H4**Canada E-Mail: 

psor.i interchange . ubc . ca 
JOUFNAL: Oncogene 21 ( 3 7 ) : p5634 - 5 6 95 22 August, 2002 
MEDIUM: print 
ISSN: C95I-9232 
DOCUMENT TYPE Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ETV6 -NTRK3 transformation requires *insulin* -like growth factor 1 receptor 
signaling and is associated with constitutive IRS-1 tyrosine 
phosphorylation . 



ARSTFAST: pathway. However, the role cf trisoT.y 11 m CPS and 
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rhrcmc seme llplE.5 * insul m* - 1 ike grcv:th factor 2 gene 'IGF2; m CPS and 
TMN tumors. Moreover, v:e present evidence that an intact IGF signaling 
axis is essential for m. . . 

IGFRI), but trans fc rrr.at i on activity was fully restored m R -cells 
encrineered tc re- extras s IGFR1 'OR cells ■ We also observed that the 
ma: or IGFRI substrate, * insul m* -receptor substrate- 1 .'IRS-1., v:as 
const i tut ively tyrosine t hosphoryl ated and could be cc - imm.uncprecip 1 1 at ec 
with E'l m either R- or R-r- cells expressing the EII oncoprotein. IRS-1 
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The phosphatidylinositol 3 -kinase pathway is critical for the regulation of 
branched-chain ketoacid dehydrogenase activity by glucocorticoids. 

AUTH .'.'?.: Wang X(a); Du J!a); Price S R(a) 

AUTHjR ADDRESS: £ a Renal Division, Emory University, Atlanta, GA**USA 
JOURNAL. Journal of the Amen ran Society of Nephrology 12 (Program and 
Abstract Issue) :p319A September, 2101 
MEDIUM: print 

CONrEREUZE /MEETING: ASN (American Society of Nephrology) / ISN (International 
Society of Nephrology) World Congress of Nephrology San Francisco, CA, USA 

October 10-17, 2 0 1U 
ISSN 1 ;46-rr£73 
RECORD TYPE : Citatitn 
LANGUAGE : Engl ish 

...REGISTRY NUMBERS : *INSULIN*; 
DSSCRI PTORS : 

■CHEMICALS i 3 1 OCHEMI CALS : IRS-1 {*insulin* receptor subs t rat e - 1 .. . 
. . . *;nsulin* ; 

...phosphatidylinositol 3-kmase p.r5 regulatory subunit <*PI3K* *p?5* 
regulatcry subunit 

GENE NAME: pig *PI?K* *p gene (pig phc sphati iyl inositol 3 -kinase p8 5 
gene ■ ( Su i dae . . . 



4/3, K/5 (Item 5 from file: 5) 

D I ALri'G ( R ■ F 1 1 e 5 : B l c s l s Prev l ews I R ) 
(c) 3 BIOSIS. All rts. reserv. 

1C l:>'£ 34 31 OS I S NO.: 1990985cl522 

Compensatory alterations for *insulin* signal transduction and *glucose* 
transport in *insulin* -resistant *diabetes*. 

AUTHOR: Ecnini James A(a); Cclca Jerry R; Dai ley Charlene; White Morns; 
He t f man Cec 1 1 la 

AUTH IP. ADDRESS: (a/ Howard Hughes Medical Inst., 534 1 South Maryland Ave., 

Chicago, IL 6D6 37**USA 
JOURNAL American Journal of Physiclcgy 259 {4 PART 1) :pE759-E765 1935 
ISSN 3 1 j2- 3513 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE Eng 1 1 sh 



Compensatory alterations for * insulin* signal transduction and *glucose* 
transport in * insulin* -resistant *diabetes*. 
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06833530 Genuine Articled: CV960 Nc. References: 61 
Title: Phosphorylation of the Grb2 - and phosphatidylinositol 3 -kinase 
p85-binding p36/38 by Syk in Lck-negative T cells 

Author i s':: vonW 1 1 1 ebrand M, Williams S; Tailc-r P; Mustelm T (REPRINT) 
Corporate Source: LA JOLLA INST ALLERGY i IMMUNOL ( D IV CELL BIOL, 10355 SCI 

CTF. LR/SAN DI EGO// CA/ 30121 (REPRINT); LA JOLLA INST ALLERGY & 

IMMUNOL, DIV TELL 3I0L'SAN DI EGO/ / CA 7 32 12 1 
Journal: CELLULAR SIGNALLING, 1938, V10, N6 (JUN) , P407-413 
ISSN: 0338-6568 Publication date: 1333 3000 

Publisher: ELSEVIER SCIENCE INC, 055 AVENUE OF THE AMERICAS, NEW YORK, NY 

: j j i ■: 

Language. English Docunent Type: ART I -CLE (ABSTRACT AVAILABLE) 

. . .Abstract: the same time, expression of Syk resulted in the 

act ivat ion- dependent phosphorylation cf three proteins that bound to 
the sro homology 2 (SHI.) domains cf *PI3K* *p85*. The strongest of 
these Lands had an apparent molecular mass of 36-33 kDa on SDS gels, 
and it was quantitatively removed from the ly sates ... 

... Identifiers- -FROTEIN-KINASE-C; RECEPTOR TYROSINE KINASES; ANTIGEN 
RECEPTOR; S I GNAL-TRANSDUCTI ON ; * INSULIN* STIMULATION; CATALYTIC 
SU3UNIT; DEPENDENT PATHWAY; SH2 DOMAINS; ACTIVATION; RAF- 1 
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Title: Requirement of phosphatidylinositol 3 -kinase-dependent pathway and 
Src for Gas6-Axl mitogenic and survival activities in NIH 3T3 
fibroblasts 

Authcris. : Gcruppi S ; Ruaro E, Varnum B, Schneider C (REPRINT) 
Corporate Source: LNCI E , AREA SCI FK, FALRIOIANO 93/I-34C12 TRIESTE/ /ITALY/ 
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. . . Text : gene encodes two addi t lona 1 minor al t ernat lve splicing 
i so forms, p55a and pS-la (33) (34) . Binding of p3 5a to 

tyros me -phosphorylated proteins such as IRS-1 m * insulin* signaling (B5) 
and GDI .9 in 3 cell ant i gen -receptor signaling (B6) activates PI3K activity 
of the pllO subunit. Tc elucidate precise roles of p35a in... The 
p3 5a . sup ( -/ - ) mice still expressed minor regulatory subunits of *PI3K* ( 
*p&5* (beta) , p5 5 (gamma) , p50a, and p55a.) in various tissues. Targeted 
disruption of all isoforms derived from the p85a gene also caused 
immune-deficient phenotypes nearly... 
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Lower *insulin* sensitivity found in Mexican Americans 

...TEXT: delivery of primary care services, but for the future services 
that will be necessary to diagnose and treat a population highly 
susceptible to type 2 *diabetes*. 

Mexican Americans are diagnosed with type 2 *diabetes* mellitus (T2DM) 
two to three times more frequently than are non- Hispanic white (NHW) 
Americans. Scientists have found that * insulin* resistance is key in the 
cause for the disease; studies have revealed that Mexican Americans of both 
genders and all ages demonstrate greater levels of * insulin* resistance 
when compared with the NHW population. 

Although the reasons are unclear, some suggest that genetic factors 
could explain the higher prevalence of * insulin* resistance m this 
Hisp-anic population group, considering that 35V of their genetic Mexican 
American make-up is attributable to Native American ancestry. 

It is also possible that lifestyle factors, including diet and 
exercise, contribute to the ethnic differences m * insulin* resistance. 
Visceral adiposity (obesity), exercise, and dietary fat have all been shown 
to impact peripheral * insulin* resistance. 

A new research study that compares behavioral, metabolic, and 
molecular behavior between Mexican Americans and non-Hispanic whites offers 
new clues on why public. . 

. . .dietary needs c-f our citizens and residents from the south (Ho RC, Davy 
KF , Hickey MS, et al . , Behavioral, metabolic, and molecular correlates of 
lower * insulin* sensitivity in Mexican Americans. American Journal of 
E'hys lology- Endocrinol ogy and Metabolism, 2 C 02 ; 2 c 3 ( 4 ) :S7^9-:0=) . 

In previous studies, Mexican Americans have been shown to exhibit 
lower * insulin* sensitivity independently of body fat and body fat 
patterning. However, this issue is not entirely resolved given that studies 
that have documented diminished *msulin* sensitivity in nonobese, 
ncndi abet 1 c Mexi ran Americans compared with NHV. T used less sensitive methods 
to estimated Mexican American body fat. and obesity. Furthermore, the 
possible contribution. . . 

...central adiposity, are less physically active, and consume a more 
atherogenic diet, it is important to examine these factors as possible 
contributors tc the lower * msul in* sensitivity m Mexican Americans. 

This study had tw: specific aims: First, to determine whether 
differences m * insulin* sensitivity persist between these two groups after 
controlling for the effects of acute and chronic exercise, abdominal fat 
distribution, and dietary intake. Second, to ascertain whether Mexican 
Americans exhibit lower skeletal muscle protein concentrations of IR, 






s igni f 1 randy as - jriated with fasting plasma *ir.suiin*. * Percent total 
energy intake frcrr, palTiit:leic acid was s ign i f i r ant ly nigher among Mexican 
Americans, wit In a trend toward higher r. er rent trtal energy intake from 
pa Itii t ic arid. . . 



...arid and i v.ver fiber intake among Mexiran Americans. 

There are three ma; or significant findings in this study: * First, 
nonobese, n end i abet ic Mexican Americans adults were less * insulin* 
sensitive rcmpared with NHW adults, even when the potential roles of 
cardiorespiratory fitness, acute exercise, and tctal and regional adiposity 
were accounted for. * Seecnd, skeletal muscle protein abundance of IR, 
*PI3K* *p&5*, Aktl, Akt2, and GLUT 4 was not significantly different between 
the two groups and therefore does not account fcr the group 'differences in 

* insulin* sensitivity w Finally, group differences in * insulin* 
sensitivity were attenuated to losing statistical significance after 
dietary intakes of palmitic acid, palmitoleic acid or skeletal muscle IP. 
protein content were accounted for. 

This study demonstrates that lower * insulin* sensitivity persists in 
nonobese, nondiabet ic Mexican Americans compared with their non- Hispanic 
white counterparts, even after acute and chrcnir effects of exercise and 
abdominal fat distribution are accounted fcr. Furthermore, protein 
abundance of skeletal muscle IR, *PI3K* *p55*, Akt 1 , Akt2 , or GLUT 4 does 
not explain these differences. Differences iri * insulin* sensitivity are 
lost when dietary intakes of palmitate and palmitoleate are accounted for, 
suggesting the possibility that these factors may contribute to the lower 

* insulin* sensitivity seen in Mexican Americans. 

This article was prepared by *Diabetes* Week editors from staff and 
ether reports. 

DESCRIPTORS: *Oiabetes*; Endocrinology; All News; Professional News 

SUBJECT HEAI-ING: Type 2 *Diabetes* 
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Antisense compounds targeted against polynucleotides encoding *PI3K* *p85* 
useful for treating e.g. cancer, Type 2 *diabetes*, obesity - for use 
in cancer, *diabetes*, obesity and inflammation diagnosis, prevention 
and therapy 
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morease m blood *glueose* or ^insulin* levels in an animal preferably 
a human or' a rodent, which is * diabetic*; preventing :r delaying the 
:nsec of f disease :r condition associated with ill) in an animal 
preferably human, where the disease condition is a :tetab:lic disease or 
c::dit 1 :n whirh is * diabetes* especially Typ^e 2 *dia betes*, obesity :r 
a hyp e rp- r c 1 i f e r a t i v e ::o.di:i on wn i oh is o a n z e r ; modu 1 a 1 1 ng P I 3 K si gna 1 
transduction m cell or- z i s sues , altering zhe ratio : f PI?K p'S5a to 
t- 1 ? rl 5Ca/5 0a m human cell or tissues; or for treating a human having a 
disease :r condition associated with PI3K signal transduction or *PI3K* 
*pif5* expression ; claimed) . Ant l sense compounds are commonly used as 
research reagents and diagnostics. Antisense compounds either alone or 
m oombmation with other antisense compounds -or' therapeutics... 

. . . of powders or aerosols, including by nebulizer, intratracheal, 
intranasal, epidermal and transdermal, oral or parenteral. No specific 
dosage is given. EXAMPLE - Antisense compound that inhibits *PI3K* 
*pr5* was synthesized by standard solid phase synthesis. (121 pages) 

DESCRIPTORS: human recombinant *PI2K* *p8E* protein prep., isol., 

ant lsense, appl . cancer, *diabetes* , obes lty, mf lammat ion diagnosis , 
prevention, therapy animal mammal tumor DNA sequence protein sequence 
ill, 51) 
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Restored *insulin*-sensitivity in IRS - 1 -deficient mice treated by adeno 
virus -mediated gene therapy - adeno virus vector-mediated *insulin* 
receptor substrate- 1 gene transfer , used in * diabetes* gene therapy 

ABSTRACT: *Insulm* resistance is a ccmimon sympt:m of roth overt *diabetes* 
and susceptibility to developing Miatetes*. As a result maintaining 
or restoring * insulin* sensitivity may he a means of preventing 
disease. Homozygous disruption of * insulin* receptor substrate- 1 
^IRS-1; m mice has teen shown to: cause Mnsulon* resistanoe without 
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Behavioral, metabolic and molecular correlates of *insulin* sensitivity in 
humans 

Khole body * insulin* resistance appears to precede many of the 
metabolic abnormalities that are involved in the progression toward type 2 
*d labetes* mel 1 1 tus (T2DM) , obes lty , dys 1 lp idemia , hyper tens ion , 
cardiovascular disease and some cancers. The overall objective of this 
pro] ect was t :> characteri ze modi f lable correl ates and sequel ae that are 
associated with * insulin* sensitivity m humans. 

In <italic>Study 1< italio, we determined whether differences in 

* insulin* sensitivity persist between rionobese, nondiabetic Mexican 
American ( MA ) (n = 13; 0" 0 iplusmn; 2.C yrs ; BMI = 2 3.0 kplusmn; 0.7) and 
lion - Hi spiani c . . . 

. . pi usmn ; 1 . E yrs ; BMI = 22 . 3 5cpl usmn ; 0.6) mal es and f ema 1 es a f t er 
accounting for effects of exercise, adiposity, dietary intake and skeletal 
muscle * insulin* signaling protein abundance. Significant differences in 

* insulin* sensitivity, estimated by the homeostatic model assessment of 

* insulin* resistance, between MA and NHa* persisted (1.53 kplusmn; 0.22 vs. 
C.3 7 £pl usmri 0.16, p kit; 0.05, respectively) after accounting for effects 
jf acute and chronic exercise, and adiposity. Protein levels of IRβ, 
*PI3K* *p35*, Aktl, Akt2 and GLUT 4 were not different between the two 
groups . Oufferenres m HOMA - IR scores list significance after account mg 
for percent intake of palmitic acid, palmitcleic acid and skeletal muscle 
protein abundance of IF.-ibeta ; . Our results suggest that di f f erences m 

* insulin* sensitivity between non obese, ncndiabetio MA and NHW are not due 
to d i f f erences in 1 evel r f ca rd lcrespi rat cry f i tness or adipos l ty , however 
dietary intake and key * insulin* signaling protein levels could rent ri but e 
t o these ethni c di f f erences , 

In <itali r >St udy 2 < italio, we determined whether the TKF - ialpha ; 
s ys tern acre united for differences m * insulin* sensitivity between MA (n = 
13; 27.C Scplusmn; 2.0 yrs, BMI - 2 3.1 Scplusmn; 0.7; and NHV; (r. = 13; 2 4.5 
iplusmn; l.E yrs ; BMI = 2 2., S vplusmn; 0 . ~ ) subjects. MA were less * insulin* 




sens it lvity 

In < ital i o>Study 2< italio, xe determined the relationship between 
various estimates of *insulm* sensitivity, LEL size and oxidized LGL in a 
grout: of overweight, nondiabetio males [11 = 34, 5X1 25indash;35 
kg m-: sue er>2 <- super > , 5 2 indash ; "5y ; . Estimates of * insulin* sensitivity 
were inversely related to LOL size ;r = .41, <itaIic>P</italic> < 2.25) , 
a I the ugh these relationships were largely mediated by 7LLL triglyceride and 
HGL oholestercl concentrations. Estimates of *msulm* sensitivity were not 
related tc plasma oxidized LDL concent rat ic:ns . Furthermore, LZL size was 
net significantly associated with oxidized LDL. In this homogeneous group 
of overweight, nondiabetio men, estimates of * insulin* sensitivity are not 
independent markers of atherogenic small, dense and oxidized EEL. 
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Roles of phosphoinositide 3-kinase (*PI3K*) *p85* regulatory subunits in 
development and physiology 

...means of determining the physiological role of PI3K. Overall, these 
mice are viable an 3 fertile. I examined B cell development and function as 
well as *glucose* homeostasis and compared these results to those reported 
in mice lacking p? 5&alpha ; . Also discussed briefly is the analysis of mice 
lacking both p8 5&beta. . . 

...similar as well as opposite defects to pE5α null mice. This 
dichotomy is useful in trying to dissect the roles of each i so form 
phy s i o 1 o g i c a 1 1 y . 

* Insulin* and *glucose* metabolism in p85β null mice are also 
defective in both similar and opposite ways to that of pSSkalpha; . Like 
p85α null mice they show increased * insulin* sensitivity, but 
cont rary to what is reported in p8 5&alpha ; <super >&mirius ; /ininus ; </super> 
and p3 5&alpha ; <super>+/ &minus ; </super> mice which have improved *glucose* 
tolerance over wild -type, they show *glucose* intolerance. 

Given that the p&5 subunits have different as well as similar defects, 
we were curious to determine the phenotype of the double knockout. The... 
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Autocrine activation of the IGF-I signaling pathway in mesangial cells 
isolated from *diabetic* NOD mice . (* insulin* - like growth factor 1) 



o.esar.gia^ :e_s :s:.5:e: :rcT, rr.ice alter :r.e cr.se: or ":iai;e:ts" 

ha v e ur. de r g :: re a s t a c I e phen 3 t yp : c cha ng e . Th 13 ph enc t ox e is characterized 
by ir.creisej express :cr cf I 0 F - 1 and dcwrregul it ion ■: f collagen 
deg ra da 1 1 on , wh 1 oh is ass: :n:ea with... 

. . .2 activity. Here, we ir.ves t ig a ted the IGF-I signaling pathway m 
mesangial cells isolate! f rcr. NC D it; ice befcre (ncudiabetic NOD mice 

uC-NOl) ) and after (*diabetic* NOD mice (D-NOO) ) the onset cf *diabetes*. 
v; e f ound that the IGF-I signaling pat hw a y 1 n 2 - N ID cells wa s activated by 
autocrine IGF-I. They had phcsphcrylat ion cf the IGF-I receptor 

(beta) -subunit , phosph oryl a 1 1 on ■: f * insulin* receptor substrate (IRS) -I, 
and asscciaci on of t he p 8 5 s ubun 1 1 ( ph : sph a 1 1 dy 1 1 n c 3 1 1 o 1 ? - k 1 n a s e ( E I 3 K ) ) 
with the IGF-I receptor and IRS-1 m D-NOD... 

...change in D-NOD cells is associated with constitutive activation of the 
IGF-I signaling pathways, which may participate in the develcpment and 
progression of *diabeti.c* g 1 cuierul c scl er : s 1 s . * Diabetes* 51: 1:2-1 £8, 2012 

Alterations in the availability of IGF-I or an altered response to 
IGF-I may play a role in *diabetic* nephrcpathy. Mesangial cells are 
critical determinants m the accumulation of extracellular matrix (ECM) in 
the glomeruli of patients with *diabetic* nephropathy (1). These cells 
express IGF-I receptcrs and synthesize IGF-I (2-{). we have shown that 
glomerular mesangial cells isolated from mice with autoimmune type 1 

* diabetes* (NOD 1 ) exhibited a stable phenctypic change after the onset of 
*diabetes* (7) . This stable change was characterized by increased IGF-I 
synthesis and increased cell proliferation. After blocking autocrine IGF-I 
with a neutralizing antibody, the number of detectable IGF-I surface 
receptors was found to be increased approximately threefold in * diabetic* 
NOD mice (O-NOD) compared with that m cells isolated from n end i abet ic NOD 
mice (ND- NOD) . This stable phenctypic change may be present in ether 
experimental models of *diabetic* nephropathy because comparable p hen 0 type 
changes were found in mesangial cells isolated from a model of 
spontaneous!'/ occurring type 2 * diabetes* with nephropathy (db/ db) after 
the onset of *diabetes* (:) . >. : e shewed that excess IGF-I secretion by 
mesangial cells could contribute to extracellular matrix deposition in 
*diabetic* nephropathy through a decrease in MMP-2 synthesis (9). A 
preliminary report in which mesangial cells from patients with type 2 
*diabetes* and nephrcpathy had an altered phenotype (10) suggested that 
this observation may apply to patients. 

We compared intracellular IGF-I signaling pathways in mesangial cells 
isolated from NOD mice before and after the spontaneous onset of * diabetes* 
to- determine whether the phen-otypic change in mesangial cells isolated from 
*diabetic* mice resulted frcxi changes in these pathways. The IGF-I 
signaling pathway was intact in mesangial oells 1 so- la ted from bcth E'-NOD 
ard ND-NOD. . . 

...PAGE and immunobl ot t mg were obtained from Novex (San Diego , -OVA). HEPES, 
pheny 1 me thy 1 sul f cny 1 fluoride (FMSF), aprccinin, leupeptm, ben z amidine , 
EDTA, sodium py r : p h osp ha t e , sodium flu: ride and sodium c rthc vanadate , 

* insulin*, Triton X - 1 0 0 , Tween 2 1, bovine serum albumin (BSA; Fraction V), 
glycerol, and NaT! were frcm Sigma Chemical (St. Louis, MOO . rD?^255 and 
LY2 04 D C 2 were . . . 

. . . Cruz (Santa Oruz , 'OA; . 

Isclaticn and propagation 0: f mesangial cell lines. Mesangial cells 
were isolated from NIC mice before and after the spontaneous onset of 
♦diabetes* as previously described ;7; Briefly, glomeruli were isolated 
from kidneys cf 4- to ■: -month-old D-NOO and ND-NOD mice. *Diatetic* mice 
had glycosuria for 4-5 weeks before sacrifice and were receiving two 

* insulin* infections each day. Ncndiabecic mice had normal *glucose* 
tolerance as d ^ *~ e r m 1 n e d b v a *^lucose* t^lera'^""' 3 *~ e ^ *~ befc"^^ sacrifice 
Several lines of mesangial cells were derived from, each of several D-NCD 
and 0 0 - N 0 ""ice " In eacr exne^i^en^ 



. . .were p,a:ei ir. e::ner €-we^l plates :r T~5 ■; cm sur . z; r^asKS m c medium 
::mt:a:r.:r.g 21* fetal bovine serum and 6 mmcl/'l *gluccse* as previously 
described ; ~ : . Twenty-four brurs before cjllert : the medium was replaced 
with 3 medium containing 5FA. Cell number was determined in duplicate 

wells at each experimental time p : mt . Fh ispn try 1 at 1 c n ::f IGF-I receptor 
and * ir.sui in* receptor substrate ;IR£) - I and IRG-2 were examined after 

click a::iva:i:t if the signaling pathway, a neutralizing IGF- I antibody 
34 ;mi or: ) g/ ml ) , F Tt ^ 3 1 5 5 or a... 

. 2 1 1 , C 1 j 2 for 31 mm at 4 (degrees) 2. Samples were analyzed by 
electrophoresis through 6 (IRS-1, IR5-2, and I GF - 1 R ( bet a ) ) , 8% ( * P I ? K* - 
*p>95*), and 1j% (ERK-1/2 and ph: sph : - FRKs ) p : 1 ya try lami ie gels and 
elect rophoret ical ly transferred to nitrocellulose men-Jo r a ne s . After 
overnight incubation at. 4 (degrees) C m Tris... 

...1% milk plus Ik BSA and 0 . C E % Tween-2 0, the blots were exposed to 
antibodies recognizing either IRS-1, IRS -2, I GF - I R ( beta } , * F I 3 K* - *p ~ 5 * , 
ERF.-1.2, phospho- ERKs , and antr phospho tyro s i ne FV2C or PY9 ? for 1 h at room 
temperature. The primary antibodies were revealed using the corresponding 
goat. . .was boiled for 3 mm before analysis as described above. 

Zymography for- matrix met a 1 1 oprctemases . To determine whether 
blocking IGF- I activation increased MMP-2 in *diabetic* mesangial cells, 
medium was collected from cells exposed to PD58CE9 for 24 h or LY294 C-02 for 
36 h. Cell supernatants were el ectrcoh erased and incubated for... 

. .50 ng/ml IGF-I resulted in a prominent phosphorylation of the IGF-I 
receptor [ beta ) -cha m . Interestingly, whereas incubation with a similar 
dose of * insulin* had no effect c-n phosphorylation of the (beta) -chain of 
the IGF-I receptor, it induced phosphorylation of a band migrating above 
the IGF-I receptor (Fig. 3, middle panel). We postulated that the protein 
phospho ryl ated by *insulin* may be the ; bet a )- cha in of 'insulin* receptor, 
based on its rorrology with the (beta) -chain of IGF-I receptor and its 
molecular weight (14). 

[ FIGURE 3 OMITTED) 

The p£5 suborn it of. . . 

...associate with the (beta) -chain of the I2T-I receptor. The amount of p35 
associated with IGF-I receptor was greater in mesangial cells from 
* diabetic* mice (Fig. 3, lower panel) . The addition of IGF-I to media 
increased the association of the p8S subunit to the IGF-I receptor in... 

. . .1 and -2 were detected. Examination o-f mesangial cells in the basal 
state revealed that phospho- 1 RS - 1 was increased in those cells isolated 
from * diabetic* mice compared with those isolated from ND-MOD mice. A 
10-miri exposure to- 5 0 ng/ml IGF-I resulted in a twofold increase in IR3-1 
phosphorylation, whereas IRS-2 phosphorylation was unchanged. Stimulation 
with 5 0 ng/ml * insulin* had no effect, consistent with the fact that there 
are few * insulin* receptors on the surface of qlomerular mesangial cells 
(2,3). 

(FIGURE 4 OMITTED) 

As has been retorted, there was also spontaneous association of the 



.are activated by phosphorylation of their tynsme residues (16) . FRK1 

milar levels m all mesangial cell lines, 



irrespective of the *diabo 

t u o s pne ry a t ed ■ a ct ivat eu < ^^r^ ■.-n^^ 

examined by voestern immuncb lot t mg us mg . . . mere ased m mesangial cells 
isolated from Z -:; 12 mice wnen compared with those from nondiaretic 
Iittermates. These data are consistent with our previous rep:rt that 
*diabetic* cells had more surface IGF-I receptors when autocrine IGF-I 'was 
blocked with a neutralizing antibody to IGF-I "m . in additun, the 
increase . . . 




mesangiai ceils is:i5:ea from *aiacetic w m.ire. In aaa::ijn ( wnereas tr.M 
and -2 levels were found to be similar in all re 1 1 lines from *diacetic" r 
and ncndiabetir mure, activated (phosphcrylat ed) ERK2 v.as increased only 
the basal state of cells isolated from *diabetic* T ; -:e. Although one 

m C-:i3E cells, one increase was less cr:;T.::.en: than m. . . 



pr jtems by I3F-I :n mesangial rells isolate: from a model of typ'e 2 

*di aretes* ;db/db; . However", to our knowledge, there are no reports on the 

activation of this pathway m mesangial sells isolates! from a model of type 

I 'diabetes*, sum as the MOD mouse. 

Fecause cells isolated from L-NoC mire synthesized more IGF -I at 
baseline (7), we added a neutralizing auticudy to.. 

...IGF receptor [ beta ) - subuui t , redured the amount of pm ospho - 1 RS - 1 , and 
derreased the amounts of pro: sph: rylated FRF1 and -2 m the rells isolated 
from *diabetic* mice. 

Finally, berause the amount of p:t subunit ass on at ed with the I ]F 
reoeptof was increased in rells isolated from * diabetic* mice, we used an 
inhibit -or (LY294r:2) to determine whether downstream signaling events were 
afferted. Importantly, after the addition of Li2 94C-j2, we found decreased 
levels of... data suggest that overexpression of IGF- I may result in 
decreased degradation of ECM and lead to an accumulation of ECM, a 
characteristic feature of *diabetic* nephropathy. A recent report suggests 
that constitutive activation of MEK ( MEK1 , upstream from ERF.) leads to 
activation of MM? -2 in a rat fibroblast cell line [22) . In contrast, we 
found that activation of EF.K1 and -2 is associated with decreased MM? - 2 
activity m * diabetic* mesangial cells, since blocking IGF - 1 activation 
through either the PI3K or MAPK pathway increased MM P - 2 activity. This 
suggests that MArF regulation of MMP . . . 

. . . c omponent s (EFF.l and -2) . This may lead to decreased ECM degradation and 
appears to be pare of the p'henotypic rhanges mdured after the reset of 
*diabet es * . 
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Regulation by *insulin* of gene expression in human skeletal muscle and 
adipose tissue: evidence for specific defects in type 2 *diabetes*. 



Defective regulation of gene expression may be involved m the 
pathogenesis of type 2 *diabetes*. V,*e have characterized the ccncercej 
regulation by * insulin* (3-h hyper insul mem ic clamp) of the expression of 
12 genes related to *insulm* action m skeletal muscle and m sut cut anec'us 
adipose tissue, and we have verified whether a defective regulation of so rrie 
of them could be specifically encountered in tissues of type 2 *diabetic* 
patients. Basal mRNA levels (determined by reverse 

t ranscr iptase - compet it lve polymerase chain reaction) of * insulin* receptor, 
* insulin* receptor substrate-l, p=E (alpha) ph:sphat idyl inositol 3-kmase 

(?I3r.), pli: (alpha' PI3K, pi 10 (beta) PI 3K, GL.UT4 , glycogen synthase, and 
sterol regul at ory- element -binding protein- lc (SRr^P-lc) were similar m 
muscle of ::ntr:l (n = 17), type 2 *diabetic* (n - 9), type 1 *diabetic* (n 
= 9), and nzndiabecic obese (n = 9! subjects. In muscle, the expression :f 
hexokirase II was decreased m type 2 *diabo*tic* patients (P < C . 01) . In 
adipose tissue, SRS3P-lc iP < 0.C1) mRNA expression was reduced in obese 

(nondiabet ic and type 2 *diabetic*) subjects and was negatively correlated 
with the 3MI of the subjects ;r - -C.63, P = C.02). + Insulin* { ( + or -) 

I, 000 pmol/1) induced a two- to threefold increase (P < 0 . ■: 5 ) m hexokmase 

II, p.EE ( alpha) PI 3K, and SREBP-lc mRNA levels in muscle and m adipose 
tissue in control subjects, in * insul in* - resistant nondiabet ic obese 
patients, and in hyperglycemic type 1 *diabetic* subjects. Upregulation of 
these genes was completely blunted in type 2 *diabetie* patients. This 
study thus provides evidence for a specific defect in the regulation of a 
group of important genes in response to * insulin* in peripheral tissues of 
type 2 *diabetic* patients. *Diabetes* 50: 1134-1142, 2001 

* Insul in* resistance is the main metabolic feature of type 2 
*diabetes* 11,2), and several studies indicate that it generally precedes 
the onset of the disease (2,3) . In vivo, skeletal muscle is the major site 
for * insul in* -dependent *glucose* disposal, and type 2 *diabetic* patients 
are characterized by a marked decrease in * insul in* -st imulated *glucose* 
utilization in muscle mainly due to reduced *glucose* uptake and storage 
(1,21 . * insulin* stimulates *glucose* uptake by increasing the 
translocation of GLUT 4 - cant a in 1 ng vesicles to the plasma membrane and by 
modifying the activity of enzymes involved in *glucose* metabolism (4) . 
*Insulm* action is initiated by binding of the hormone to cell membranes 
and activation of the * insul in* receptor tyrosine kinase that results in 
the stimulation of intracellular signaling cascades (4). Among these 
cascades, the phosphatidyl inos itol 3 -kinase (PI3K) pathway is thought to 
play a crucial role in the effects of * insulin* on *glucose* metabolism 
(5). Several defects in the * insul in* signaling pathways have been 
identified m skeletal muscle of typ>e 2 *diabetic* patients. Impaired 
phosphorylation of * insul in* receptor and * insul in* receptor substrate 
(IRS.i-1 in response to * insulin* has been reported (•:-:), and the induction 
of PI3K and Akt kinase activities have been found to be reduced (8-10) . The 
stimulation of glycogen synthase activity is also decreased in skeletal 
muscle of patients with type 2 *diabetes* (11). All of these alterations 
take place at the level of the acute pc-s 1 1 r ans 1 at i on a 1 regulation c<f key 
enzyme activity. 

In addition to this level of regulation, * insulin* also controls the 
transcription :f important genes in its target cells (12; . This action is 
crucial for *msulm* to sustain its metabolic effects and also to adapt 

factors play a major role m type - 'diabetes*, m addition to genetic 
precise c sit! c u . Alterations m tne trans cript iota mecnanismis invo^vec m 
the adaptation of the cells to environmental changes may thus participate 
m the pathogenesis of the disease (13,14) . In keeping v/ith this 
hypothesis, the expression of some important genes involved m * insulin* 
action and *glucose* metabolism has been found to be altered m peripheral 
tissues of tvee 2 *diahetic* tatients . For examcle, the basal expression 
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. . . rep :r:ea that tne ir.Tuc::::n c: GLUT 4 .22,21, ar.u nex:Kir.ase II < 
f.'Xpri-ssicn m respcr.se to h;,per ir.sul memo 3 u impaired ir skeletal x'lsrle 
of f,Tr 2 *diabetic* patients. Recently, we rave demonstrated that the 
regulation :y * insulin* of tre p~5^alpha.. regulatory sururit of *FI3K* , 
*p S 5 * ; 3 Ipha ! FI 3 :0 is a Is. - , altered :r muscle and adipose tissue of patients 
with type 2 *di aretes* >22) . Taken together, these data suggest that the 
regulation of a cluster : f genes involved :n *msulm* action and *gluccse* 
metabolism may be affected m type 2 *diabetes*. It could thus be 
hypothesized that a comiro. n mechanism, involved in the regulation :f these 
genes and probably others that have yet to be identified, is altered m the 
peripheral tissues of type 2 * diabetic* patients. 

However, this hypothesis is based on results from unrelated studies 
that have been performed using different hyper msul memi r c:nditi:ns and 
different procedures to estimate gene expression levels. Moreover, m most 
: f the studies, the regulation of :ne individual gene was investigated, 
a 1 the ugh we have reported the regulation of three mF.NAs (* insulin* 
receptor, IF.g-1, and p3 5 .alpha ) FI 3 K) m parallel (23 J . It is thus difficult 
to c include whether the same me onanism is involved in the defective. . . 

..In addition, it is still unclear whether the observed defeots in the 
regulation of gene expression result from a specific alteration linked to 
type 2 *diabetes* or are secondary to the metabolic state of the patients, 
such as * insulin* resistance or chronic hyperglycemia. 

Th e present stu dy wa 3 p e r f o r me d w 1 1 h t n e a 1 m of v e r 1 f y 1 ng t h ese 
points. To this end, we investigated the concerted regulation by * insulin* 
of the expression of 10 candidate genes, measured by similar reverse 
t ranscriptase- - compiet 1 1 1 ve polymerase chain reaction (R.T-cPCR) assays, in 
skeletal muscle and m adipose tissue of type 2 *diabetic* patients. In 
addition to the regulation of genes that have already been studied 
individually (20-24), we also investigated, for the first time, the 
regul at ion . . . 

..To verify whether an impaired regulation :f the expression of s ome of 
these genes is specific or secondary to the metabolic state of type 2 
♦diabetes*, age-matched control subjects, type 2 *diabetic* patients, and 
* insul in* - resistant non diabetic obese subjects were investigated in 
parallel. Moreover, the contribution of a deleterious role of chronic 
hyperglycemia was verified with a group -of type 1 *diabetic* subjects with 
Hb(A.sub.lc) similar to that m the type 2 *diabetic* patients. 
RESEARCH DESIGN AND METHODS 

Subjects. The characteristics of the 44 subjects involved in the 
study are presented in Table 1. The 17 healthy lean volunteers were divided 
into two groups on the basis of their age. No-ne of these subjects had 
impaired *glucose* tolerance or a familial or personal history of 
♦diabetes*, obesity, dys 1 lpidemia , or hypertension. One group of control 
subjects (six woimen mid three men, age : 1 (+ or -) 2 years, 3MI 2 3 ( or -) 
1 kg, (m.sup.2)) was age-matched with nine patients with type 2 *diabetes* 

three women and six men, age 5 4 (+ or -) 2 years, SMI 3C (+ or -) 1 
kg/ (m. sup . 2 ) , duration of *diabetes* 7 (+ or -) 1 years) and nine 
nondiabetio obese subjects {six wimen and three men, age 4 3 (+ or -) 4 
-/ears, 3X1 35 (+ or -) 1 kg / ( m . sup . 2 ) ) . The type 2 *diabetic* patients 
interrupted, under medical control, their usual treatment with t;ral 
antidiabetic agents at least 1 week before the investigation. Nome of the 
zbese subjeots had impaired *gluc:se* tolerance as assessed by classic oral 
♦glucose* ooTerance test. The metabolic data of some of these subjects [all 
of the control and type 2 *diaretic* surjects and six of the nine ob~se 
patients; have been presented m a previous study : 2 3 } . An unrelated group 
of healthy subjects ; seven w:men and one man, age 25 ( + or -; I years, B:<1 
22 :r I kg - . m . sup . i. served as control subjects for a group of type 
1 *d:abetic* patients (five women and four men, age 33 (+or -) 3 years, BMI 
2.3 or -) 1 kg/ { m . sup . 2. ! , duration of *di aretes* 15 i +■ c:r -) 3 years, 
3 -pep tide < 2 . C 5 ng/ml) with KnvA.sub.lC/ (3.2 ; +■ or -) 2.2k) similar to 
that m the type 2 *diabetic* surjects ;il.9 > :r -; 1.3%, ? - :.252!. 
Type 1 *diabetic* patients had no familial antecedent of type 2 Miabetes*, 

*insulm* '.45 or -) 5 10/ day' . The last dose of *insulm 
administered the dav before heomnino the damn stud*/ . Jn t 



the experiment, type 1 * diabetic* patients showed marked hypergly cemia 
■12.6 ; cr - .'' C.S mo.cl 1 ) that, was not significantly different from the 
glycerru a of the type 2 * diabetic* subjects ;i:.E i+ cr -!■ 0.6 mm.ol/1, P = 
2.421 T:: a *.oid further increase m plasma *gl ucose* concentrations during 




f eri;l 

All participants gave their written consent after being informed cf 
the nature , purpose , and poss lbl e r : sks of the study . The exper i merit a 1 
pr:t: co 1 was . . . 



.. Hispices Civils de hyon and performed according to the French 
legislation ; Hu net law}. 

Study design All studies were performed after an overnight fast. So 
that *msulin* actron on *glurose* metabolism and on target gene expression 
■could be investigated, the subjects were submitted to a 3 -h 
eugl.y cemi c - hyper i nsul in em i c clamp- (24). 

Fuglycemic-hypiermsul memic clamp. Before the hypermsul memic 
period, basal *glucose* turnover rate was determined during the last 32 mm 
of a 3-h basal period by tracer dilution methodology using a primed 
( 6 , 6 - ( sup . 2 ) H2 ) * glucose* ( Eur 1 so top, St. Aubam, France) infusion (C.02 mg 
* ;kg.sup.-l) * ( mm . sup . - 1 } ) . Then, a 3-h euglycemic -hypermsul memic 
clamp was started by the infusion of * insulin* (Actrapud Novo, Copenhagen, 
Denmark) at a rate of 45C pm: 1 * (rn.sup.-2) * ( mm . sup . - 1 ) . E rimed 
( 6 , 6 - ( sup . 2 ) H2 ) * g 1 ucos e * wa s in f us ed (0.1 mg * ( kg . s up . - 1 ) * ( m m . sup . - 1 ) ) 
during the clamp to determine *glucose* turnover rate, while any decrease 
m blood *gl ucose* 'was prevented by adapted infusion of 2 0% *gl ucose* 
solution ( Ague tt ant, Lyon, France) . For the determination of metabolites, 
hormones, and ( 6 , 6 - i sup . 2 ) H2 ) *gl ucose* isotopic enrichment, blood samples 
we re d r a wn e v e r y 1 0 mm du r i ng the last 3 C mm of the basal a nd 
hyper insul inemic periods Metabolite and hormone concentrations were 
measured using enzymatic methods and radioimmunoassays. Elasma isotopic 
enrichment of ( 6 , 6 - ' sup . 2 ) H2 ) *gl ucose* was determined by gas 
chromatography-mass spectrometry {5,971 MSD; Hewlett-Packard, Palo AJto, 
CA) , and *glucose* turnover rates were calculated using steady-state 
equations as previously described (25). For the diabolic patients, 
glucosur la was subt racted f rom * glucose* turnover rates to ca 1 culate 
*gl ucose* utilization. For the young control and the type 1 *diabetic* 
subjects, i 6 , 6 - ( sup . 2 ) H2 ) *glucose* was not used and thus basal * glucose* 
disposa 1 was not determined . For these subjects, the rates of *glucose* 
infusion during the clamp were used to estimate whole -body *gl ucose* 
disposal rates, since it has already been established that endogenous 
*glucose* production is suppressed with the level of hypermsul memia 
reached during the clamp (2-:-) . To estimate *gl ucose* and lip: id oxidation 
rates, respiratory exchange measurements were performed during the final 30 
mm of both the basal and the hyper msul memi c periods, using a flow... 

...the vastus lateralis muscle using Wei 1 -31 akes ley pliers. The size of the 
biopsies averaged t ■? mg, with nc difference between samples from control , 
obese, and *diabetic* subjects cr be fere and after clamp. Abdominal 
subcutaneous adipose tissue was aspirated from the periumbilical area 
through a 15 -gauge needle 27) . About 253 mg . . . 

...1.2 ; + or 3.2 ( mi ore ) g / 1 Z 0 mg of adipose tissue 'wet weight) , and 
were not s igm f i rant ly different m tissues from control, obese, and 
*diabecic* subjects, before or after the clamp. Total Rh'A solutions were 
stored at -SC [degrees; C until quantification of the target mRNAs . 

Quantification of messenger Rh'As . . . us : ng a large range of m vitro 
synthesized RTJA u. 25-51 amo 1 m the reaction' as recommended [23). 

To accurately determine the effect of * insulin*, total R:.'A of the two 
muscle 'or adico^e tissue' bi cosies from *~he same individual 'before and 
after clamp were prepared simultaneously and the assays of . . . 

. . . analvzed us ma Soea man's rank correlation test. The threshold for 



RESULTS 

Char5::er;st:.:3 z-t the subjects and effects of *insulirc* c: 
metabolism -Tairle 1; . After the subjects fasted overnight, plasma 
::tcer.:rat::ns of *:t3ui:n* , r.cr.es t er i f i ed fatty acids, and triglycerides 
were higher m these and type 2 * diabetic* patients than in lean cittrh 
subjects. Type 1 and type 2 *diabetic* patients had higher fasting 
glycemia Basal *glucose* disposal rate .vas slightly reduced m these 
patients compared with age -matched ::r.tr:I subjects and tended tc> be higher 
in type 2 *di5betic* patients, although the difference was not significant 
ip = . During the hyperinsu! memi c clamp, the stimulaticn by * insulin* 

of * glucose* utilization rate was profoundly reduced by >5 0% in obese and 
m type 2 *diabetic* patients. Both * msul m* - s t lmul ated noncxidacive 
* glucose* disposal and * glucose* oxidation rates were decreased when 
compared with healthy lean subjects. In addition, ncnes ter i f ied fatty arid 
concentrations remained higher in ibese (56 (+ or -} 5 ( mi rrc ) mo 1 / 1 , P = 
0.003) and type 2 *diabetic* patients (74 (-for -) 10 ( micro) mol / 1 , P = 
?.0 02) than in age -matched control subjects (2r ! + or - } 5 (mi crc> ) mol / 1 '■ 
during the clamp. Type 1 * diabetic* patients displayed a slight reduction 
il7%) in *glucose* disposal rate during the champ, which was very chose to 
being significant (P = 0.0E3) (Table 1). This result thus indicates that 
the type 1 *diabetic* patients involved in this study were not 
characterized by a marked *msulm* resistance, in contrast to the obese 
and type 2 *diabetic* subjects. 

Basal mRNA express ion pattern in skeletal muscle. We have first 
investigated the regulation of the expression of nine genes that encode 
major proteins and enzymes related to * insulin* action on *glucose* 
metabolism. They include * insulin* receptor, IF.S-1, p8 5 ( a lpha ) PI 3K, 
pllO (alpha) PI3K, pi 1 0 ( beta ) FT 3 K, Ras protein associated with *diabetes* 
(Rad), GLUT 4 hexokinase II, and glycogen synthase. The basal concentrations 
of the nine transcripts in vastus lateralis muscle, determined by RT-cPCR, 
are presented in. . . 

...mRNA. When the data from the five groups were compared ( Kruskal -Wa 1 1 1 s 
analysis), there was no statistical difference between groups in the mRNA 
levels of *msulm* receptor, IRS-1, p8E (alpha ) ?I 3K, pi 10 ( . ..0.0C1) mRNA 
levels. When the same analysis was performed taking into account the data 
of the age-matched control, nondiabetic obese, and type 2 *diabetic* 
subjects, the differences remained significant for hexokinase II (P < 
0.001) only. Using the nonparametric Mann-Whitney's test, we found that the 
mRNA levels of hexokinase II were significantly reduced in the skeletal 
muscle of type 2 *diabetic* patients with respect to both the control (F = 
C.0C7) and the nondiabetic obese (P = 0.0 22) subjects. Regarding Rad, Fig. 
1 shows that there was a twofold reduction in Rad mRNA levels in the groups 
of young subjects (control and type 1 *diabetic* subjects) when compared 
with the groups of older subjects (P < 0.001), suggesting an age-related 
difference in the expression of this gene. "When all... 

. . . P = 0.005) between Rad mRNA and the age of the subjects. Importantly, 
there was no difference in the expression of F:ad between type 2 *diabetic* 
patients and age-matched healthy control subjects fP = 0.954.1 or 
age-matched nondiabetic obese subjects (P = 0.391) . Glycrgen synthase mRNA 
levels tended to- be reduced m the muscle of type 2 *diabet.ic* patients 
when compared with their age-matched control subjects, and the difference 
was very close to being significant (P - 0.0 64) . on the ether hand, type 1 
* diabetic* patients showed a tendency for an increased expressi:n of 
p35 (alpha ■ FI3K and GLUT 4 mRNAs , but the difference was not significant wnen 
tested using the Kruskal -Wa 1 1 is analysis ' P = 0.222 and C . 144 for GLUT4 and 
pS 5 ; alpha PI 3 K mRNA , respectively;. However, when the type 1 *diaretic* 
patients were directly compared with the young control subjects 

'Mann -Wh i tney ' s test! , the *diabetic* patients had a slightly higher GLUT 4 
mRNA levels ;64 or -] 9 vs. 44 '> cr 3 am.ol ;mi ore .■ g total R.NA, F = 
0.143- 

Effects of 3-h * insulin* infusion on itRNA expression. Table 2 shows 
One * i n s u 1 1 n * - 1 n du c e d c h a n cr e s in mR N A 1 e v els of the nine *~ a r cr e *~ o^^es i "~ 
the skeletal muscle of the five -roues of subjects. The data are "presented 



. . .precmrrp; values. In ir.e two groups cf neamny o cut r r . suc]e::s ( tne 
m.RNA levels cf p S 5 .alpha : ? I 3 K, hex: kinase II, and Rad wore markedly 
increased ty * ms ul m* . The effect cn GLUT4 expression v;as less pronounced 

to; these f:ur genes, the express: :n cf IRS-1 was s igni f : cant I y reduced 
after the hyp er msul inemu c claTp. Finally, the mRNA levels of * insulin* 
reoepc:r, the pill (alpha) and t IK (beta) catalytic subunits of PI 3K, and 
glycogen synthase were not significantly modified by * insulin* infusion m 
control subjects. The effects :f * insulin* in type 1 *diabetic* patients 
were similar t :■ what was observed m the control subjects, with significant 
increases m the mRNA levels of p 3 5 ( alpha ) 1 1 3 K, hexckmase II, GLUT 4 , and 
Rad and a decrease in the expression of IRR-1 (Table 2) 

In contrast, in * i nsul i n* - res i st ant patients we identified several 
defects in the regulation of gene express i:n by * insulin*. Tne * insulin* 
-induced rise in p 3 5 C a Ipha ) F I 3 K, hexokmase II, and GLUT 4 mRNA levels was 
completely blunted in typo 2 * diabetic* patients. Rad mRNA levels were 
still significantly increased by * insulin* in type ^ * diabetic* patients, 
but the effect of *msulm* appeared attenuated (~c.^ increase m 
*diabetic* vs. 2CC% increase in control subjects, P = 2 0o4) . As m control 
subjects, * insulin* receptor and glycogen synthase mRNA expression did not 
charge in type 2 *diabetic* subjects. In addition, * insulin* induced a 
significant decrease in pllO (alpha) and pi 10 (beta) P I 3 K mRNA concentrations 
in type 2 *diabetic* muscle that was not observed in any of the other 
groups (Table 2). Finally, in * msul m* -res istant nondiabetic obese 
subjects, an impaired regulation by *insulm* was observed only for GLUT 4 
mRNA. All other transcripts responded to * insulin* in the same way and with 
similar magnitude in nondiabetic obese and in healthy lean subjects (Table 
2) . 

Figure 2 shows the individual data regarding the regulation by 

* insulin* of p85 (alpha) PI 3K and hexokmase II mRNA levels in skeletal 
muscle, clearly demonstrating that there was a specific defect in the 
skeletal muscle of type 2 *diabetic* subjects that was not encountered in 
* msul in* -resistant obese subjects and in hyperglycemic type 1 *diabetic* 
pat lent s . 

(FIGURE 2 OMITTED) 

Regulation of gene expression in adipose tissue, v.'e further 
investigated whether the impaired regulation of gene expression observed in 
skeletal muscle also existed in adipose tissue of type 2 *diabetic* 
patients. Due to bow yield in total RNA recovery m adipose tissue (-1 
(micro) g/ 100 mg tissue), we did not measure the mRNA levels of all target 
genes and we first studied * insulin* receptor, p8 5 ( a Ipha ) PI 3 K, hexokmase 
II, and GLUT 4 mRNA expression. * Insulin* receptor, p3E- ( alpha) PI 3K, and 
particularly hexokmase II mRNAs were expressed at higher levels in 
abdominal subcutaneous fat tissue than m skeletal muscle (Fig. 3) . There 
was no significant difference regarding the mRNA levels of these three 
genes between the investigated groups (age-matched control, obese, ana type 
2 *diabetic* subjects). In contrast, basal GLUT 4 mRNA expression was 
significantly reduced in adipose tissue in obese (17.4 ■.+ or - ) 2.7 
amol / (micro) g total RNA , P = 0 . C C-E ) and in type 2 *diabetic* (13.3 (+ or -) 
1.5 amc 1 / (mi cro ) g total RNA , P = I. 101) patients when compared with control 
subjects (46 (- cr -) 7.0 amo 1 / (mi or o . . . 

...was a significant negative correlation tecween GLUT4 mRNA levels and the 
RMI cf the subjects (r = -C 0 3, P = 0.041). As m skeletal muscle, 

* insulin* markedly increased p 3 5 ( a It ha ) PI 3 K (70 ; +■ or -) 27?, P = 0.CIB;, 
hexokmase II 13 1 ;+ or -) 2 7%, r = 0.C16), ana GLUT 4 114 cr -) 23%, P 
= Z. HE; mRNA expression in adipose tissue of control subjects ;Fig. 3) . 
Girtilar positive effects of * insulin* were observed m nondiabetic obese 
patients ;44 (+ or 15, 122 :> ;r 32, and 04 O cr -) K% for 

p 3 5 0a Ipha ; ? I 3K, hexokmase II, and GLUT4 , respectively; P = 1.115;. In 
contrast R:^. 3 clearlv shows that tine effect of *msnlm* cn the mR.NA 
expression of these three genes was, as m muscle, completely mpaired m 
the adipose tissue of type 2 ^diabetic* patients :i£ or - ! 25%, ? = 

c 3 5 a 1 toa ? I 3 r* , hexokmase... 
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4 shows that SRE&P-lr mRMA was to re abundant m adipose tissue that in 
skeletal muscle in humans. In adipose tissue, the mRNA expression of 
SREBP-lc was s igni f 1 rant ly reduced both m the n.orid labet ic obese subjects 
(F = C.:05) and the type 2 *diabecio* patients 1? = 0 . D : ? ) . Moreover, a 
significant negative correlation was found between SRE3P-lc mRNA levels in 
adipose tissue and the BMI 0: the subjects .. 



. . C22) . In skeletal muscle, the expression of 5RE3P-lo mRIOA was n:t 
significantly different between groups, although it tended to be l:wer m 
type 2 *diabetic* patients than iri control subverts {P = t.:~2). Three 
hours of hyper msul ineTiia produced a two)- to threefold increase in SRE3P-lc 
mRKA expression in skeletal. 



...was observed in tissues front nondiabetic obese subjects (? - C.028 in 

muscle and E 1 = 0.042 in adipose tissue) . In contrast, the effect of 

* insulin* was completely impaired m tissues of typ>e 2 * diabetic* patients 

(P = C .124 m muscle and F 1 = 0.123 in adipose tissue for the difference in 
SREBP-lc mRKA level after versus before clamp... 

...other than those encoding GLUT4 , hexokmase II, and pS 5 i a lpha ) PI 3 K 
(20-23) could be altered, in a concerted manner, in tissues of type 2 
*diabetic* piatients. This was important to strengthen the hypothesis that, 
under the same experimental conditions, the regulation of a oluster of 
genes may be impaired during type 2 *diabetes* . To this end, we measured, 
in parallel in the same samples, the regulation by * insulin* of the 
expression of 1: candidate genes using validated RT-cPCR assays. 

The second objective cf the work was to define whether the observed 
defects in the regulation of gene expression resulted from a specific 
alteration, m type 2 *diabetes* or were secondary to the metabolic state of 
the patients. Therefore, the regulation of the candidate genes was studied 
in tissues of healthy control subjects, type 2 *diabetic* piatients, 
nondiabetic obese subjects, and type 1 *diabetic* patients, in parallel. 
These groups of subjects were selected to verify the contribution of either 
obes 1 ty- rel ated * insulin* resistance (nondiabetic obese subjects) or 
chronic hyperglycemia (type 1 *diabetic* patients) on the defective 
regulation of gene expression observed in type 2 *diabetic* patients 

The expression of GLUT -4 , hexokmase II, glycogen synthase, *insulm* 
recep.'tor, and IRS-1 mRNAs m muscle or adipose tissue of type 2 *diabetic* 
patients has been previously reported (15-23). The between -gr: up 
differences found in the present study were globally in agreement with what 
was previously observed for these genes (15 -22 ) . ?o>r examp-le, we confirmed 
the marked reduction in the mRIvA level of hexokmase II in the muscle of 
type 2 *diabetic* patients (15,22) . Interestingly, we showed that this 
reduction was net observed in subcutaneous adipose tissue, indicating thus 
a tissue-specific alteration In addition, our... 
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q j:jp 3 5 r.IT.dljbs w 1° and tVTOe ^- * ^I3b6C 1 C* Obese 

sutvects v." hole there was no s icrn i f i cant di f f srsr.c^ between cir euros i r. 

. .Tire, Do; A :r:array technology, chat shewed ::.3: the expression 

c: Sr.E3?-Ir is two- cc oureefcTd decreased in white adipose tissue :f obese 

Hyp er msul men:.; a produced several changes m one m?.NA levels : f the 
investigated genes. Under cur experimental conditions i* insulin* 
concentration of pmcl/1 f:r 2 h) , these genes could be classified 

mt c the f clicking four categories: 1) those that were n:t regulated by 
* insulin* in any of the groups of subjects; 2) those that are regulated 
(unregulated or downregul a t ed) by *msuliu* m a similar way in all gr-oups ,- 
3- these with an impaired regulation by * insulin* m * insulin* resistance 
( ncndiabet i c obese and type 2 * diabetic* patients); and 4) those with an 
altered regulation by * insulin* in type 2 *diabetic* patients specifically. 

The mRNA expression of *insulm* receptor and glycogen synthase was 
not modified in skeletal muscle after 3 h of * insulin* infusion, in any of 
the groups. This was in agreement with most of the preceding studies 
(■3,24,3c) . 

IRS-1 mRh'A levels were significantly reduced and Rad expression 
markedly increased in skeletal muscle in all groups , although the magnitude 
of the * insulin* effect on Rad mRNA seemed lower in type 2 *diabetic* 
patients. These results indicated thus that the regulation of IRS-1 and Rad 
mRNA expression are not significantly affected by obesity, * insulin* 
resistance, or *diabetes* in skeletal muscle. 

The regulati:n by * insulin* of GLUT4 mRNA expression in muscle was 
altered both in nondiabetic obese and type 2 *diabetic* pat ients - - the two- 
groups of frankly * msul in* - res istant subjects. These data thus suggest 
that the impaired regulation of GLUT4 expression by * insulin* may result 
from the reduced * insulin* sensitivity of these piatients. Interestingly, we 
found a normal mductio-n of GLUT 4 mRNA in response to * insulin* infusion in 
skeletal, muscle of type 1 *diabetic* patients, whereas other investigators 
have previ:usly reported an impaired regulation of GLUT 4 expression m 
these subjects (25). Type 1 *diabetic* patients are classically considered 
as mildly * insulin* resistant (2-5,37,38) . The difference between our 
results and those of Yki - Jarvmen et al . (26) are likely to be due to the 
higher levels of hyper insul inemia maintained during the clamp) in our study 
(;+ or -) 1,000 vs. 700 pmol/1). When moderate concentrations of *insulin* 
were used during the clamp, a significant reduction in * insul in* - induced 
♦glucose* disposal rate has been observed m type 1 *diabetic* patients 
(26,37,38) . Here, with a higher level of hyper insul inemia , we found only a 
slight reduction in * insul i n* - induced *glucose* utilization when compared 
with control subjects. This finding clearly indicated that * insulin* 
resistance in type 1 *diabetic* subjects was compensated when the 
o itcentration of * insul in* was increased. Under such conditions, the 
regulation of gene expression by * insulin* was found to be similar in 
control subjects and in type 1 *diabetic* patients. Taken together, these 
results strongly support the assumption that the regulation of GLUT4 gene 
by *insulin* is firmly asszciated with the responsiveness of the tissue to 
* insul in* . 

* Insulin* induced a significant, reduction in the mRNA levels of the 
two pi ID catalytic subumts of PI2K m the muscle of type 2 *diabetic* 
patients. This result was not observed in the other groups of subjects. The 
consequences of this do wnregula t ion of pi 1 C (alpha ) FI 2 K and pi 1 0 (beta ) PI 3K 

...require further studies to verify, at the protein and kinase activity- 
levels, whether this regulatory mechanism may play a role m one 
transduction of the * insulin* signal. 

The * insul in* - induced regulation of p 5 E ( a Ipha ) t I 3 K, hexekmase II, 
and SREBF-lc mRNA expression was impaired only in type 2 *diabetic* 
patients, both m skeletal muscle and subcutaneous adipose 
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defect ive regula t 1 ri :f hexokmase II gene express: :r. vas :bser:ed in the 
tissues cf the type 2 *diabetic* patients specifically. Taken tjqe:r.er, 
these resul:s suggest that the ::n:e:::ra:: r. :f * insulin* required t :: 
c ornp'ensat e for * insulin* resistance is an important parameter m the 
regulation of gene expression. However, under cur experimental renditions, 
both the nor.di.abet ic obese subjects and the t;pe 2 * diabetic* patients had 
a sin. ilar level of * insulin* resistance as assessed by measurement cf 
*glucose* disposal rate dining the hyper msul memic clamp. This finding 
thus suggests that * insulin* resistance may n:t be the enly cause of the 
defective regulation -of gene expression m type 2 *diabetes*. 

In addition to * insulin* resistance, a defect in the transcriptional 
machinery could contribute to the observed alterations. This attractive 
hypothesis is supported by the recent identification of mutated 
transcription factors in subtypes of maturity-onset *diabetes* of the young 

(3:\40) and in other particular forms of type 2 ^diabetes* 11?, 14). If this 
also occurs in the common form of type 2 *diabetes*, one call predict that 
the impaired regulation of gene expression may play a primary role in the 
pathogenesis of the disease. Recently, the transcription factor SF.EB?-lc 
has been involved in the effect c>f * insulin* cn the transcription of 
several genes that encode enzymes of *glucose* and lipid metabolism 

(30-22) . Moreover, overexpress ion of SREBP-lc in adipose tissue in mice is 
associated with *insulin* resistance, *diabetes*, and lipodystrophy (41). 
The prc-moter regions of hexokinase II and p£5 (alpha) PI3K genes (E. Lefai 
and K. Vidal, unpublished observations) contain several SRE and... 

...of its own gene (24). Therefore, SRE3;-lc is a potential candidate to 
participate in the defective regulation of gene expression observed in type 
2 *diabetes*. We have found that SREBP-lc mRNA expression is decreased in 
subcutaneous adipose tissue of type 2 * diabetic* obese subjects. However, 
this observed reduction is not likely to* play a p-redomi nant role in the 
defective regulation c>f gene expression in type 2 *diabetes* . There was 
indeed no major alteration in the basal mRNA levels of SRE3P-lc in skeletal 
muscle, while the defective regulation of gene expression m response to 
* insulin* was observed in both adipose tissue and skeletal muscle. In 
addition, the reduction in SREBP-lc in adipose tissue appeared to be mainly 
associated with obesity, and we have found that the regulation of gene 
expression by * insulin* was not altered in the tissues of nondiabetic obese 
subjects. However, it has been recently shown that, in addition to 
upregulatmg SREBP-lc gene expression (42,4 3), *msulm* also activates 
SREBP-lc transcriptional activity (42. i . Therefore, involvement of this 
transcription factor in the regulation of gene expression in human tissues 
and ics putative role in the defective regulation observed in type 2 
♦diabetes* require further investigation. 

The regulation of hexokmase II, p3 5 (alpha ) F 1 3K, and SREBP-lc gene 
expires sion is altered in skeletal muscle and adipicse tissue of type 2 
*d.iabecic* patients. These three genes could thus belong to a cluster cf 
genes with impaired regulation by *insulm* in type 2 *diabetes*. In 
keeping with such a hypothesis, a common mechanism involved in their 
regulation, and probably cf ether yet unidentified genes, should be altered 
m the peripheral tissues cf type 2 *diabetic* patients. Importantly m 
this context, it has been reported that * insulin* requires the ?I3K pathway 
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In summary, 
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mo du 1 a t e s in a c co r a i na t e f a s h i or. t h e mRNA 
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levels :>f several genes involved in 

metabolism in skeletal muscle and m adipose tissue. We have found that the 
regulation of pS E (a lpha ) PI 3K, hexckmase II, and SREEP-lc gene expression 
by *insulin* is impaired in the tissues of type 2 Miabecic* patients. This 
defect appears to be independent from obesity-related * insulin* resistance 
and chronic hyperglycemia. These results suggest that type 2 *diabetes* may 
tie associated with a specific alteration in the signaling t: 
m the transcriptional machinery. 
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infusion . 

((dagger)) Significant difference m the effect of * insulin* 
in a group 

of patients when compared with the age-matched control group. 
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IRS, * insulin* receptor substrate; PGR, polymerase chain reaction; 
PI3K, phosphat idyl inositol 3-kmase; p8 5 (alpha ) * P I 3K* , *p85* (alpha) 
regulatory subunit of phosphat. idyl inositol 3-kmase; pi 1 0 (alpha ) PI 3 K, 
pi 10 (alpha) catalytic subunit of phosphat idylinos i tol 3 -kinase; 
pllO (beta) PI 3H, pllO(beta) catalytic subunit of phosphat idyl inositol 
3-kmase; Rad, Ras protein associated with * diabetes*; RT-cPCR, reverse 
transcriptase - competitive polymerase chain reaction; SREBP-lc, sterol 
regulatory- el ement -binding prot ein- lc . 
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